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Abstract:  
 
The advocacy for  inquiry‐based  learning  in contemporary curricula assumes the principle 
that  students  learn  in  their  own  way  by  drawing  on  direct  experience  fostered  by  the 
teacher.  That  students  should  be  able  to  discover  answers  themselves  through  active 
engagement with new experiences was central to the thinking of eminent educators such as 
Pestalozzi,  Dewey  and  Montessori.  However,  even  after  many  years  of  research  and 
practice, inquiry learning as a referent for teaching still struggles to find expression in the 
average  teachers'  pedagogy.  This  study  drew  on  interview  data  from  20  elementary 
teachers. A phenomenographic analysis revealed three conceptions of teaching for inquiry 
learning  in  science  in  the  elementary  years  of  schooling:  (a)  The  Experience‐  centred 
conception  where  teachers  focused  on  providing  interesting  sensory  experiences  to 
students;  (b)  The  Problem‐centred  conception  where  teachers  focused  on  challenging 
students with engaging problems; and (c) The Question‐centred conception where teachers 
focused  on  helping  students  to  ask  and  answer  their  own  questions.  Understanding 
teachers'  conceptions  has  implications  for  both  the  enactment  of  inquiry  teaching  in  the 
classroom  as  well  as  the  uptake  of  new  teaching  behaviours  during  professional 
development, with enhanced outcomes for engaging students in Science. 
 
Key words:  phenomenography; teacher knowledge; primary science teaching; elementary 
science teaching; inquiry science; teacher beliefs 
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Introduction 
High quality science education is a priority internationally (National Science Board, 2007). 
Governments worldwiderecognize the contributions a rich science education provides for their 
citizens (Abd-El-Khalick, Baujaoude, Duschl, Lederman, Mamlok-Naaman, Hofstein et al., 
2004; Minner, Levy, & Century, 2010). The National Research Council of America (NRC, 2000) 
speaks of scientific inquiry, and teaching practices that are designed to engage students through 
inquiry, as such: 
Inquiry is a set of interrelated processes by which students pose questions about the natural 
world and investigate phenomena; in doing so, students acquire knowledge and develop a 
right understanding of concepts, principles, models and theories. Inquiry is a critical 
component of a science program at all grade levels and in every domain of science, and 
designers of curricula and programs must be sure that the approach to content, as well as 
the teaching and assessment strategies, reflect the acquisition of scientific understanding 
through inquiry. Students then will learn science in a way that reflects how science actually 
works. (p. 214) 
Internationally, calls are being made to include inquiry learning as part of the curriculum 
(Lunetta, Hofstein, &Clough, 2007). “Inquiry-based laboratory investigations at every level 
should be at the core of the science program and should be woven into every lesson and concept 
strand.” (National Science Teachers Association (NSTA), 2007).  In order to provide a learning 
environment in which students are able to engage in inquiry, teachers are required to have an 
understanding of what scientific inquiry learning is and what pedagogical practices are necessary 
to help achieve it in students.  Although much has been written in support of practices that foster 
inquiry learning, many researchers feel it is yet to be applied extensively in the average teacher’s 
daily practice (Asay&Orgill, 2010;Goodrum, Hackling, &Rennie, 2001). Furthermore, research 
indicates that its actual implementation in schools is problematic (Abd-El-Khalick et al., 2004; 
Justice et al., 2009).Although various forms of inquiry such as ‘open’ or ‘guided’ inquiry are 
advocated in the literature (Martin-Hansen, 2002), there is limited research on what practicing 
teachers understand is necessary in their teaching practices to achieve effective inquiry. This 
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study adopts a phenomenographic approach to explore teachers’ understandings of teaching for 
inquiry learning in science, abbreviated herein as inquiry teaching. 
Background 
Given national and international investment in inquiry teaching outcomes, it is important to 
understand how teachers understand teaching for inquiry learning in science education. One 
approach the science education community has taken has been to explore the influence of 
teachers’ knowledge on their enactment of inquiry in the classroom. This has been in terms of 
understanding teachers’ conceptions or “ways of experiencing” inquiry teaching (for example, 
Entwistle, Skinner, Entwistle, &Orr, 2000). This body of literature is supported by the 
supposition that teacher understanding of inquiry teaching has an influence on teacher practice 
(Åkerlind, 2004; Ho, 2001).  By understanding this form of teacher knowledge, a better 
awareness of its influence in teacher practice may be constructed. For some time now, a 
considerable amount of research that is focused on teacher knowledge has been undertaken to 
gain a greater understanding of teachers’ conceptions of inquiry teaching (for example, Kember, 
1998; Lotter, Harwood, & Bonner, 2007). This research has been reported through two distinct 
bodies of literature, each with their strengths and limitations.  
First, comparative studies seek to explore teachers’ understanding of inquiry teaching by 
comparing teachers’ knowledge to models promoted in the literature, derived theoretically, or 
from the practice of expert teachers. For example, the Harwood et al. study (2006) developed a 
blended qualitative/quantitative instrument (a card sorting activity) for measuring teacher beliefs 
of inquiry instruction. This instrument is called the Inquiry Teaching Beliefs (ITB) instrument, 
which was developed from researcher generated statements of what was, orwas not, inquiry-
based instruction. Although this instrument is a suitable measure for inquiry beliefs against the 
theoretical perspective of the researchers, it was not able to generate an understanding of the 
teachers’ beliefs from the teachers’ perspective. Also, while this study claimed to be based on a 
phenomenographic theoretical foundation, it did not appear to make use of 
phenomenographicartifacts such as an outcome space, variation theory, or structure of awareness 
as prescribed for the methodology (Bowden & Green, 2005, Marton 1994). 
To further complicate this matter, however, is the consensus within the literaturethat a 
singlemodel of scientific inquiry, from which these theoretical models are often based,does not 
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exist (Osborne & Collins, 2003).  In 2003 Osborne and Collinsperformed a Delphi study of 23 
science education community experts attempted to consolidate understanding of the most 
important attributes of science and inquiry that the experts felt should be taught in schools. The 
study developed nine themes which were: (a) scientific method and critical testing; (b) creativity 
(specifically to help make science education engaging); (c) historical development of scientific 
knowledge; (d) science and questioning; (e) the diversity of scientific thinking; (f) analysis and 
interpretation of data; (g) science and certainty; (h) hypothesis and prediction; and (i) 
cooperation and collaboration in the development of scientific knowledge. Interestingly, the 
relationship between scientific laws and theories was not explicitly considered in the Delphi 
study, despite being treated as a core attribute by several studies into NOS (Lederman, 1992), 
such as found in the Views of the Nature of ScienceQuestionnaire Version C(VNOS-C, 
Lederman, 2002). 
Although theoretical models derived from observations on practice are important in 
establishing the consensus about the nature of a phenomenon such as inquiry teaching, what 
teachers do in practice depends on their personal understanding of the phenomenon and the 
contextual constraints or circumstances influencing their teaching (Keys, 2005). It is from these 
experiences that teachers construct their understandings of inquiry teaching. These studies, 
although having much to contribute to our understanding of the role of teacher knowledge in 
inquiry teaching, could be failing to explore the full depth of understanding the phenomenon. 
Such understanding can be enhancedby exploring the conceptions that teachers have of the 
phenomenon.  The implications of this limitation might explain the inability of many 
professional development programs to change teacher practices in regards to the teaching science 
though inquiry because of a failure on the part of teacher educators to understand teachers’ 
conceptions in the first place (Porlán&Pozo, 2004; Sandoval, 2005). Thus, the call has been 
made for studies which document teacher thinking or implicit theories rather than those which 
are “looking for fidelity of implementation” (McDonald &Songer, 2008, p. 974). 
A second body of literatureconcerned with understanding teacher knowledge of inquiry 
teacher does strive to understand the phenomenon of inquiry teaching from teachers’ 
perspectives using individual recounts. However, in spite of their contributions, an important 
limitation still remains. These studies are typically based on recounts of individual experiences 
of the phenomenon, implying (and sometimes finding) that there are as many understandings of 
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inquiry teaching as there are teachers trying to implement it (for example, Fazio, 2005; Seroussi, 
2005). For example, in a doctoral study Seroussi(2005) examined the perceptions of teaching 
approaches that foster student inquiry and influence of teacher beliefs of student learning on the 
inquiry teaching practices of a group of six teachers in grades 7 to 12. A mixed methodology was 
used including semi-structured interviews of both students and teachers (Seroussi, 2005), surveys 
(the teacher version of the CIS – classroom inquiry survey, and the CLIS-Classroom learning 
environment survey), and observations (two observations over a three week period). 
Several themes were generated, which the researcher felt summarized two major trends in the 
data: teachers displayed a continuum of inquiry practices from none to inquiry as regularly 
integrated with instruction, and that teacher pedagogical practices were related to their beliefs 
about student learning and beliefs about inquiry (similar, in a sense, to studies on conceptions, 
e.g. Ho, 2001) 
The study recommended that further research was required into the influence of teacher 
beliefs of inquiry learning, and this study may be seen to respond to this recommendation. While 
the Seroussi thesis highlights several issues related to the implementation of inquiry learning in 
schools, it again develops as many conceptions of inquiry as there are participants in the study:  
“In each of the case studies, the teachers have defined inquiry in different ways and have used 
instruction that is both consistent and inconsistent with their definitions” (Seroussi, 2005, p82).  
Although these studies are powerful in terms of highlighting individual experiences of the 
phenomenon, they leave open the question of whether the vast diversity among teacher 
conceptions can be meaningfully reduced to a few key theoretical principles. It is expected that 
these principles would represent in succinct and parsimonious terms the major differences in the 
ways that teachers experience and hence understand inquiry teaching. The aim is therefore to 
distill the essence of teachers’ experiences without unnecessarily diluting the diversity of teacher 
practices and opinions. Phenomenography allows us to do this byqualitativelycategorizing 
teachers reported experiences of the phenomenon of inquiry teaching. 
This paper contributes to the theory-practice nexus by using phenomenography to understand 
the qualitatively different ways in which teachers report their experiences of inquiry teaching. 
The research question was: What are the qualitatively different ways in which elementary school 
teachers experience inquiry teaching in science?  
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Methodology 
Phenomenography was chosen as the appropriate research approach for this study (Bowden& 
Green, 2005, Marton 1994). Phenomenography sets out to map a limited range of categories of 
reported experiences of the phenomenon, called the outcome space. The outcome space relates to 
the participants experiences as a group, not as individuals, and does so without comparing such 
experiences to preconceived models (Marton& Booth, 1997). 
In keeping with phenomenographic techniques (Åkerlind, Bowden, & Green, 2005) variation 
among participants was deliberately sought in order to maximize variation in the data. In the 
current study this variation was expressed in terms of: gender, years in teaching, school year 
level taught, school, and previous professional development experience in science teaching. The 
study was conducted in a large Australian metropolitan city.  Participant teachers were drawn 
from elementary schools with relatively diverse socio-economic status, cultural perspectives and 
ethnicity. Of the 20 participating teachers (T1-T20), five were male.The teachers had been 
teaching for a range of 2 to 30 years, and most had taught in various year levels from preparatory 
(student age 5) through to Year 7 (student age 12). 
In phenomenography the main source of data are semi-structured interviews with participants. 
Twenty teachers were interviewed for 40 minutes on average, and interviews transcribed and 
analyzed in a phenomenographic tradition(Åkerlind 2005). The teachers were asked to respond 
to semi-structured interview questions that began with the question “Can you tell me about a 
recent teaching experience you have had in which you feel you taught science through inquiry 
particularly well?”  Participants were free to discuss issues they felt were important, though the 
interview questions covered the themes of:  teachers’ role, students’ role, role of assessment, 
goals of inquiry teaching, and outcomes in terms of when teachers knew their approach was 
working. The interviewer was careful to demonstrate empathy towards participants, and to 
bracket his own preconceptions during the interview process (Ashworth & Lucas, 2000). 
All interviews were transcribed verbatim and analyzed for emergent themes.  Personal 
profiles were developed for participants in order to assist in maintaining fidelity to their 
individual conceptions.  This analysis developed through a search for the essential aspects of the 
experience as revealed from the transcripts, and the categorizing of the limited number of 
qualitatively different experiences initially in terms of the global meaning the experience held for 
participants.  
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Analysis at all stages focused on defining the structure of awareness of the phenomenon for 
participants (Marton, 2000). The structure of awareness is an analytical framework used in 
phenomenography to identify those components of an experience that the participants focus on 
as reflections of their experience of the phenomenon. Booth (1997) described the structure of 
awareness as consisting of the theme, thematic field, and margin of awareness.  The theme is the 
quality that is focal in awareness, such as ‘force’ in a physical sciences question regarding the 
forces acting on a cyclist.  The theme is surrounded by a thematic field of related concepts and 
ideas that are directly related to the theme such as ‘gravity’, ‘wind resistance’ or ‘reaction force’.  
The border between theme and thematic field is not one of rigid exclusion, but ideas within the 
field may become the theme and vice versa depending on the shifting awareness of the 
individual. The individual is also aware of many things that do not bear relevance to the task at 
hand, things that “are unrelated to the theme but coexistent with it in space and time” (Marton, 
2000, p. 113). These are contained in the margin of awareness.  
An individual’s way of experiencing a phenomenon is referred to as a conception (Marton, 
2000). However, the researcher-developed categorizations of those conceptions are known as 
categories of description (Bowden, 2005). A single category of description thus expresses one 
possible way in which many participants, or the same participant at different times, might 
experience a phenomenon (Marton& Pong, 2005). Although conceptions represent the 
experiences of the participants, categories of description are the creation of the researcher.  
The findings, which in phenomenography are described as an outcome space, are then 
rigorously examined for their appropriateness through repeated iterations with the data, as well 
as numerous meetings with the research team, interested peers and through feedback on 
conceptual papers presented at various education conferences.   
Results 
The phenomenographic analysis of data revealed three qualitatively different ways in which the 
teachers in this study experienced teaching for inquiry learning in science education.  They are as 
Student centered experiences (category 1); Teacher generated problems (category 2); and 
Student generated questions (category 3). These three form a hierarchy with category 3 being the 
broadest and most inclusive way of experiencing teaching for inquiry learning by the 
participants. Each of the categories was found to take a student-centered approachbecause 
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teachers were more concerned with how students learnt than how teachers taught. In terms of 
student direction of the learningcategory 3 was the most student-centered and category 1 the 
least. Category 3 was reported as being used the least by teachers in this study, while category 1 
was experienced by every teacher.Each category was present at all year levels, with no clear 
preference for a certain category in, say, upper years. An overview of the results are presented in 
Table 1, and discussed in further detail below: 
 
Table 1  
Outcome space for structure of awareness. 
 
As can be seen from Table 1, the global meaning of the experience for teachers differs 
between categories, where the experience of inquiry teaching is focused on either giving students 
interesting experiences (Category 1), challenging their thinking with interesting problems 
Global meaning Theme (focus of 
awareness) 
Thematic field Margin 
Category 1- Inquiry 
teaching is experienced as 
providing stimulating 
experiences to students  
 
Student 
centered 
experiences 
Teacher generated 
problems,  Student 
generated questions 
“Chalk and Talk”  
(transmissive approaches to 
teaching) 
Category 2- Inquiry 
teaching is experienced as 
providing challenging 
problems to students 
Teacher 
generated 
problems 
Student centered 
experiences, Student 
generated questions 
Inquiry needs to be given 
depth and context through 
providing a challenging 
problem. It’s not inquiry if 
it’s just “wow, look at that” 
experiences. 
 
Category 3- Inquiry 
teaching is experienced as 
assisting students to ask 
and answer their own 
questions 
Student 
generated 
questions 
Student centered 
experiences, Teacher 
generated problems 
Most inclusive definition, 
thus also saw “chalk and talk” 
as belonging outside inquiry 
teaching. 
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(Category 2), or helping students to ask and answer interesting questions (Category 3). However, 
as a hierarchical structure of awareness, teachers who described Category 3 did at times provide 
interesting experiences or challenging problems in order to teach.  It was noted that, contrary to 
the expectations of educational theorists, teachers did not make use of the language of 
educational theory regarding inquiry teaching, specifically with regards to there being levels of 
inquiry in terms of student and teacher roles (National Research Council of America, 2000), or 
terminology such as open or guided inquiry (Martin-Hansen, 2002).  
The curriculum focus described the goals teachers tended to hold for their teaching – either 
content outcomes such as knowledge of atoms or life cycles, attitudes such as ‘science is fun’, or 
science inquiry skills such as posing investigable questions and devising investigations to answer 
such questions. 
Typically, phenomenography does not compare demographic information regarding the 
number of subjects which experienced each category as their dominant conception. This is 
because during analysis the interview transcripts are considered as a whole, thus a single 
category of description may express one possible way in which many participants, or the same 
participant at different times, might experience a phenomenon (Marton& Pong, 2005). However, 
some readers may find it informative to gain a general sense of the spread of categories among 
participants. It was found that of the participants, ten experienced Category 1, six experienced 
Category 2, and four experienced Category 3as their predominant but not exclusive way of 
conceptualizing inquiry teaching. Participants often expressed diverse conceptions depending on 
the context. For example, participant 8 experienced inquiry teaching as helping students to ask 
and answer their own questions in the early childhood context, but when discussing her work in 
upper primary was very focused on the student experiencing content material. 
Category 1 –Experience-centeredcategory 
Inquiry teaching was experienced as anExperience-centered conception (Category 1) when 
teachers structured their teaching around a concern for students’ personal experiences during 
learning, with a focus on sensory events. That is, there was an expectation that the students 
would see, hear, feel and do interesting things that would focus their attention, have them asking 
science questions, and improve their engagement in learning.  This expectation is illustrated in 
the following quote: 
10 
Teacher 1 …each day we measured how high our tomatoes were growing and whether they 
had characteristic fruit on them or not, and the children, …through their own life 
experiences could see that the one that we nurtured, the tomato plant that had the sun, the 
water, grew, um, higher and healthier than the others. (italics added) 
The focus of this category was educating and engaging students through their physical 
interaction with science in the classroom.  In particular, students were engaging with science 
materials in some way, including cups, strings and tomato plants, as well as more scientific 
equipment such as thermometers, stopwatches and internet sites. In essence students were 
exposed to the environment as a stimulus to generate interest and knowledge. The Experience-
centeredcategory was seen as fostering inquiry in that students were encouraged to ask questions 
about the experiences they were having. This perspective acknowledges that scientific ideas are 
developed through direct experiences, as with the literature on student centered learning 
(McKenzie, 2003).  
Examples of teacher practice given by participating teachers during this category included 
growing tomato plants in various conditions to observe what qualities made them flourish (T1), 
playing with live worms after reading about them (T5), and watching videos about volcanoes to 
highlight science content material (T20). Examples also include allowing students unstructured 
play with equipment during a science lesson (T3, T4, T5), as free choice activities during 
student’s free time (T16), or when teachers teach students how to perform an activity and allow 
them to re-perform it before school (T6, T9). Scientific proofs, that is, science content 
demonstrations by teachers or students making use of experimental procedures to obtain 
expected results, are also seen as belonging to this category (for example, T6).  
Encouraging students to ask questions was seen as important, but was not central in teachers’ 
thinking during this category. Thus the role of student questions is seen as belonging to the 
thematic field of awareness.  Student questions were used to help teachers assess student 
understanding and heighten student engagement in their learning. It can be noted that the role of 
student questions develops across each category until it becomes focal in Category 3. Teacher 
generated problems were also occasionally used to help students to experience the content the 
teacher intended.However, the teacher generated problems in this category tended to be very 
simple problems requiring straight forward observation of phenomenon, such as requiring 
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students to try and find the worm eggs in the soil (T5), and are for this reason considered in the 
thematic field of awareness. 
Traditional transmissive approaches, or “chalk and talk” (T1), were seen as being in the 
margin of teacher awareness, or what inquiry teaching wasnot. The focus was on teaching 
students through engaging them with interesting experiences, as teacher 19 explained; 
 Teacher 19  …they’re finding things out for themselves and it’s more meaningful to them, 
I think. Like if we try and tell them something they may not remember it. But if they have 
done it themselves that learning is more valuable. (emphasis added) 
Some teachers described this as their predominant way of experiencing inquiry teaching (T1, 
T5, T10, T16, T20), while others used it as one activity among many during a science unit (T2, 
T4, T7). One teacher in the early childhood curriculum mentioned that this was how she taught 
“all the time” (T3).  
Category 2 – Problem-centeredcategory 
Inquiry teaching was experienced as a Problem-centered conception (Category 2) when 
teachers structured their teaching around a given problem they designed and that the students 
were required to solve, as the following quote illustrates; 
Teacher 17: … Usually I begin with a question or a problem or a story and there’s a 
problem in the story that has to be solved. And then we, as a class group, find out how 
we’re going to solve this problem. So it might be through acting it out, it might be making 
a model …  So that’s how I see inquiry-based learning, beginning with some sort of 
question or story …“Well what are you going to do about it?” 
As can be seen in T17’s comment, the problem is focal in teacher awareness as teachers feel it 
helps students engage with the topic at hand and produce productive work. As with Category 1, 
student generated questions were part of the teacher’s awareness as supportive of inquiry 
teaching, but not the focus of it. Thus student questions are part of the thematic field of teacher 
awareness in this category.  Also in the thematic field was the role student experiences played, 
assisting students to learn and engage but not being the focus of teacher practice and thinking. 
Unlike category 1, at the margin of awareness was the notion that student centered experiences, 
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although interesting, were not alone sufficient to make a teaching experience qualify as inquiry. 
As teacher 16 explains, the experience of the so called ‘science experiments’ alone is not enough 
to educate students through inquiry teaching;  
Teacher 16: And so you go out to the supermarket and you get all the things and you grab 
the random science book and you find experiments that you know you’re going to be able 
to do at school. I find that, yes, while the kids enjoy it-it lacks content. It lacks the depth of 
learning because each different experiment will cover a different facet of science so it 
doesn’t really get into the how’s and why’s. It’s a bit ProfessorSumnerMillar1. You know 
it’s like “The glass and a half” and they go “Wow” and then that’s about it. 
Examples of teaching activities in this category include: working out how to lift a heavy box 
using only a cylinder and plank (T14); responding to an imaginary letter from an underwater 
theme park for information on how to set up a new exhibit (T18); building a tower using paper 
and sticky tape that would support a tennis ball (T10); setting students the task to ‘find out about 
natural disasters’ (T17) or an undersea animal (T6) from the internet or library. Examples may 
also include problems that required specific scientific knowledge and materials, such as 
designing, building and testing energy efficient shoebox houses (T4); testing water absorption 
into the atmosphere (T15); measuring viscosity, the co-efficient of bouncing, or the hardness of 
rocks (T7); developing tests to compare towel absorbency (T16), or as part of a broader unit on 
energy-working out how to light a light (T4). 
Category 3 – Question-centered category 
Teachers experienced inquiry teaching as Question-centered(Category 3) when they 
structured their teaching around helping students to ask and answer their own questions. The 
students’ questions were focal to the teaching experience as teachers saw students as being more 
motivated and engaged with science content and materials when they were seeking to answer 
their own questions rather than with traditional teaching methods, as is illustrated in the 
following quote; 
                                                 
SumnerMillar was a popular TV presenter of science shows in the 1960s and 1970s. 
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Teacher 18: To me inquiry learning is giving children the opportunities to find out new 
things, and to ask the right questions to learn about new things in a collaborative way, and 
to be able to not just be given the knowledge and stand out the front. I think that’s the 
traditional approach, is that the teachers stand there and give the children the knowledge 
that they’re expected to know. Whereas inquiry is taking it to that other side, where the 
children find out what it is that they want to know, and we give them the tools to be able to 
do that.  
Significantly for this category is the emphasis placed on enabling students to explore 
phenomena for their own sake, for instance captured by the statement that “children find out 
what it is that they want to know.”Focal in teacher awareness is the role student generated 
questions plays in inquiry teaching, and in helping students understand and enjoy science.  
Student centered experiences and teacher generated problems were seen as supportive of this 
focus, thus existing in the thematic field of awareness. In this category, teacher generated 
questions do not constitute student inquiry, as teacher 2 explained “children are posing questions, 
and formulating ways to answer that question”, while teacher 8 believes that “I just think if 
you’re doing an inquiry they’re [students] inquiring into things and posing questions and trying 
to answer questions.”Also, when asked to define the related concept of inquiry learning, teacher 
16 explained “being allowed to explore at your level to answer your own questions,” which may 
be taken to exclude exploring at your own level to answer the teacher’squestions.It can be 
assumed, therefore, that a curriculum based on teacher generated questions would be considered 
as outside inquiry teaching or at best, a Problem centeredexperience (Category 2). 
As with Category 1 some teachers saw inquiry through a focus on students posing questions 
as the way they teach all the time, again exclusively in an early childhood setting (T6, T8).  
Other teachers reported that inquiry was only one way among many ways of teaching (T4, T2). 
Typically, category 3 defined an entire unit of work in science, while category 1 and 2 often 
designated specific activities teachers designed for students but as part of a broader suite of 
practices in science.  
Examples of teaching activities in this category include negotiating a topic with students, such 
as; “under the sea” (T6) or “micro beasts” (T8), then organizing students to generate questions 
and research their answers within that topic. This category also includes scientific investigations 
where the teacher selects the topic and helps students to generate and answer their own questions 
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in relation to that topic. Examples include developing a way of testing advertising claims for 
superior products (T4), or exploring the qualities of successful balloon rockets (T2). The focus is 
on helping students to ask and answer their own questions. 
 
DISCUSSION 
The three conceptions of inquiry teaching which emerged in the study were;(a) The 
Experience-centered conception where teachers focused on providing interesting sensory 
experiences to students; (b) The Problem-centered conception where teachers focused on 
challenging students with engaging problems; and (c) The Question-centered conception where 
teachers focused on helping students to ask and answer their own questions.  A major 
contribution of this study is to document the range of conceptions of teachers who engage their 
students in inquiry based learning in science, and thus provide input into the implicit theories that 
teachers hold about inquiry teaching.Knowing how teachers experience inquiry teaching, as 
opposed to teachers ‘theories in use’ (Argyris&Schön1974), is one of the most valuable 
contributions of this study to the literature.One limitation of this study is that it effectively is 
only a verbal response by teachers of what they say inquiry teaching is. This study does not 
compare teacher conceptions with student outcomes, or even reported conceptions with actual 
teacher practice. However, teacher conceptions are expected to serve as indicators of teacher 
practice (Åkerlind, 2004), as well as moderate the uptake of new and more effective teaching 
behaviors(Porlán, 2004; Prosser, Trigwell& Taylor, 1994), for example, during professional 
development.Also, further research needs to be undertaken to compare the expression of each 
category in the classroom.  
The results of this study are now situated in the broader context of science teacher education. 
Table 2 compares the results of this study with the NRC (2000), Martin-Hansen (2002) and 
Bybee’s5E’s (2001) descriptions of inquiry teaching. 
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Table 2 
Comparison of results with some major theoretical models of inquiry. 
Many points of congruency may be found between the current study and the studies cited, for 
instance, some similarity exists between Category 2 and each of the studies cited (Bybee, 2001; 
Martin-Hansen, 2002; National Research Council of America, 2000). In other ways, there are 
clear mismatches between the studies. The Martin-Hansen (2002) model is fairly similar, with 
each category from this study matching on to a level of the Martin-Hansen model. However, the 
Martin-Hansen model does not explicitly allow for inquiry that does not require science 
equipment and materials, such as library search, as this study does.  
The theoretical model of the NRC (2000) is found to present a mismatch in terms of teacher 
understanding and terminology. When teachers are experiencing inquiry teaching as Category 1 
Current study NRC of America (2000) 
From less (level 1) to more 
(level 4) teacher direction. 
Martin-Hansen (2002) 
Open (full), coupled, guided, 
structured (closed). 
5E’s, Bybee(2001) 
Engage, Explore, Explain, 
Elaborate, Evaluate. 
Experience-
centered 
category 
Most similar to level 4 teacher 
directed, however, students 
may have been encouraged to 
gather own evidence and 
conclude on it from their own 
experiences (albeit pending 
teacher approval)  
Structured inquiry relates 
strongly to Category 1, however, 
Experience-centered inquiry is 
more student centered than the 
“following recipes” description 
of structured inquiry in the 
Martin-Hansen text. 
Both Category 1 and 2 fit 
very well within the 5E’s 
model.  
Problem-
centered 
category 
Category 2 relates to Level 2 
(and somewhat 3), though 
they may have been told how 
to analyze data.  
Guided inquiry matches well 
with Category 2 – both focus on 
having the teacher select topic 
and challenge students to answer 
teacher generated questions. 
Both Category 1 and 2 fit 
very well within the 5E’s 
model.  
Question-
centered 
category  
Category 3 of this study 
corresponds well with Level 1 
in terms of students identify 
and posing questions, however 
students may not have been 
given data and told how to 
analyze.  
Open or Full inquiry (also, the 
open inquiry section of Coupled 
inquiry) match reasonably well 
with Category 3 – however the 
Martin-Hansen paper does not 
explicitly allow for material-less 
inquiry such as library search 
Category 3 is not seen in the 
5E’s model in as much as 
student questions do not 
guide the teaching: At all 
times a challenge or 
experience as designated by 
the teacher guides the 
teaching.  
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as per this study, the role of the question may be level 4 teacher directed as per the NRC 
definition. However, at the same time the role of evidence and attending explanations is found to 
be more appropriate to level 2 in the NRC – teachers are striving to help students decide or 
discover content material from their own experiences. Knowing teacher understanding in terms 
of these qualities is one of the great advantages of this study over theoretically derived 
definitions.  
The 5E’s model (Bybee 2001) was found to be lacking in that while student questions are 
valued and encouraged, at no point does the model explicitly consider that such questions could 
guide and structure the inquiry teaching experience.  While students may often select a problem 
during the elaborate phase, questions are not guiding the teaching experience. In this manner, 
Category 3 ways of experiencing inquiry teaching are potentially absent from the 5E’s model of 
inquiry teaching. This absence leads us to ask if the 5E’s model is limited in the following way – 
if authentic inquiry is taken as structuring teaching around student generated questions, as in 
Category 3of this study, is the 5E’s model, while engaging, failing to emulate authentic inquiry if 
it does not explicitly solicit and explore student questions during the teaching experience? 
This continues to illustrate thatcurriculum documents and educational theory are somewhat at 
odds with the actual teacher conceptions of inquiry teaching as found in this study. Perhaps this 
disparity is made most clear by the fact that teachers did not make use of educational theorist 
terminology in reference to their actual work. Terms such as open, guided and free inquiry 
(Martin-Hansen, 2002) were not part of teacher vocabulary when discussing their practice of 
inquiry teaching in the classroom. Also, teachers’ understanding was not influenced by the idea 
of different kinds or levels of inquiry teaching (for example, simple or authentic) – teachers 
spoke about their work as being inquiry teaching or not: there were no levels in teacher 
language.These points indicate that, at least with every teacher in this study, such models of 
inquiry have not yet had a lasting effect on the meaning and language teachers used to describe 
their conceptions of inquiry teaching. The purpose of this study has been to find out what 
language and ideas are being used by teachers, as part of their conceptions of inquiry teaching. 
The first category aligns with a purpose of fostering an inquisitive habit of mind through 
strategies that implicitly indicate an acceptance of constructivist approaches to learning. That is, 
by actively engaging students with a natural phenomenon though which materials are 
manipulated and ideas are explored in a social context a deeper understanding of and disposition 
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towards learning science is achieved. However, the assumptions held by those teachers 
experiencing this conception of inquiry teaching aligns only marginally with principles of 
student centered learning and ignores the role that teachers play as scaffolders of learning.  For 
instance there is at times a minimal consideration of the purposes of engaging students in 
learning tasks, of deeper critical thinking around the phenomenon or explicit instructional 
practices to scaffold learning.  These principles underpin effective teaching strategies for student 
centered learning environments (e.g., Dennen, 2004; McCombs, 2003).  This conception often 
represents a “hands-on” perspective which has been critiqued as failing to provide engagement 
of the young mind in science (e.g., Wheeler, 2000).  
The second category is where the focus moves to providing opportunities for student inquiry 
through the provision of problems that linked with the curriculum. The teaching approach is 
focused more on incorporating scaffolding strategies around students solving specific problems. 
Those teachers adopting this approach are seen to be attempting to help students make sense of a 
phenomenon and provide opportunities for sharing those experiences by a focus on teacher 
defined questions. However, there is an expectation that there will be a scientifically mandated 
outcome. The approach aligns with Joseph Schwab’s (1960) notion of stable inquiry through 
which students come to understand canonical science, “by stable inquiry I mean researchers 
which receive their conceptual principles from others and treat these principles as matters of fact, 
not matters for test” (p. 181).  
The third category extends conceptions of inquiry teaching to include what Schwab might 
have described as “fluid inquiry” and which underpins contemporary perspectives of science as 
inquiry (National Curriculum Board, 2009; National Research Council of America, 2000).  
Through this practice teachers strived to help students to be able to identify questions, design and 
implement investigations and formulate explanations in which argument is based on evidence. 
As Alberts (2000), from the perspectives of a practicing scientist, argued “What I mean by 
teaching science as inquiry is, at a minimum allowing students to conceptualize a problem that 
was solved by a scientific discovery, and then forcing them to wrestle with possible answers to 
the problem before they are told the answer” (p. 4). This approach to inquiry teaching was almost 
realized in this study, however, teachers fell short of the ideal of allowing students to conclude 
on the basis of their own analysis and reason when their conclusions were at odds with canonical 
science, thus again falling short of constructivist ideals where students can be treated as creators, 
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and not merely consumers of knowledge. Category 3 in this study is conceptualized as the 
broadest way in which a teacher can experience inquiry teaching, and as the most likely 
conception to be receptive to inquiry as it is promoted by theoretical standards. While many 
examples of excellent conceptualization of science teaching exist, particularly in Category 3, not 
all teachers experienced inquiry teaching as being driven by student generated questions.  
The findings that conceptions of inquiry teaching range from relatively naïve approaches to 
sophisticated strategies reinforces the concern that despite considerable professional 
development, curriculum mandated practices, and public assessments that emphasize students 
being scientifically literate and able to engage in investigations in science, that much work 
remains to be done.  
The results raise implications for both in-service and preservice teacher education programs.  
For example, these results provide teacher educators with insight into the understandings that 
preservice and inserviceteachers could bring with them to professional development, especially 
as new science curricula are implemented which might challenge pre-existing conceptions 
(Porlán&Pozo, 2004; Sandoval, 2005).  If, for instance, a teacher conceives of inquiry teaching 
as essentially giving students challenging problems, teachers may be expected to mold 
professional development initiatives to fit this conception rather than actively confronting their 
perceptions and altering their conception of inquiry teaching itself.  They may see a program of 
soliciting student questions for exploring circuit work as part of a process that engages students, 
rather than a key strategy in helping students to become inquirers. In category 2, the role of 
student questions is used only to indicate student engagement rather than fulfilling the potential 
of directing student learning. 
As another example, if a teacher’s conception of inquiry teaching is about engaging students 
through interesting sensory experiences (Category 1), efforts to change teacher practice through 
professional development programs to more student-centered authentic inquiry (category 3) 
might fail because to such a teacher, new activities are judged valuable if they promote student 
engagement, and not because they help students learn how to ask and answer their own 
questions.  The questions students ask will be given the role of focusing student attention and 
indicating student interest, rather than being the focus of what a student may learn. Whether 
teachers are attempting to enact either an open, guided, or coupled inquiry (See Martin-Hansen, 
2002), teachers will be looking for pedagogical activities that will engage students through 
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interesting experiences, rather than helping students to develop a rich conception of science 
though asking and answering their own questions. 
It is recommended that preservice and inservice teachers be given opportunities to experience 
the different categories in order to broaden and challenge their thinking.  One practical strategy 
would be to have teachers design and deliver inquiry lessons based on the 3 categories. Teachers 
need to work with and experience the categories, not simply have an 'awareness' of them. 
Making teachers and teacher educators aware of the qualitatively different ways in which some 
teachers actually experience inquiry teaching may help teachers to move towards more student-
centred, authentic inquiry learning outcomes for their students and themselves. Providing good 
experiences with inquiry teaching may help teachers to see examples of inquiry in practice for 
themselves, which may have a reciprocal effect on conceptions. 
With the situation of under-implementation of inquiry teaching in schools, studies continue to 
explore reasons why this method is not being used.  This study has found that some teachers’ 
conceptions are not congruent with the most expansive way of experiencing inquiry 
teachingfound in this study.   This study indicates that inquiry teaching can be seen as more than 
helping students to solve problems as is the focus during problem based learning (Bennett & 
Holman, 2002), and more than helping students experience science as per the discovery learning 
movement (Kowalczyk, 2003).  Pedagogical practices that hope to achieve the greatest outcomes 
for students through inquiry teaching should look beyond motivating students through interesting 
experiences, and beyond challenging them with teacher generated problems, to actually 
scaffolding students in the asking and answering their own questions. 
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